The progress of the case can most easily be followed from the accompanying charts. The urine-sugar and acetone bodies ( Fig. 1.) were estimated daily, the blood-sugar at somewhat longer intervals, and to co-ordinate the results several sugar tolerance tests were done, one of which is figured. (Fig. 4 .) The nature of this curve incidentally proves that the patient was a true diabetic. The re-(ractions were measured every third day, in each case under cycloplegia (Fig. 3.) , and the appropriate lenses always brought his vision easily up to 6/5. During the whole period he was under observation the fundus and vessels remained normal, the media clear, the lens showed no trace of opacity, there was no spasm or paralysis of the external musculature, no esophoria, the visual fields remained unimpaired, and the tension normal.
Period for one day; she had been without food of any kind for the previous forty-eight hours. On admission she was found to be in a state of semi-coma; she was very lethargic, her face was flushed, her breath smelt strongly of acetone, her urine was loaded with sugar and acetone-bodies, and her knee-jerks were absent. A Her blood-sugar was found to be 0.493 per cent. Her eyes were in every respect perfectly normal, and her vision, as far as her state would permit of its being tested, was good. The refraction corresponded to that of glasses which were brought with her, obtained on prescription from an ophthalmic surgeon some two years previously, viz.:
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Urine Sugar, 5.7 per cent. In 13 days sugar-free, and refraction normal.
Observed for several years. Each exacerbation of diabetes announced itself by a diminution of refraction.
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14. There would appear to be at least six considerations pointing to the lens as being largely the causal agent in the phenomenon.
38.
1. 81 per cent. of the cases in the series occurred between the ages of 40 and 60 years,'the period of lenticular instability.
2. Elschnig(30) found that while one eye underwent changes, the other, on which a cataract extraction had been done, remained stationary. This is the only instance where one eye alone has been affected, and it would thus seem that the presence of the lens is necessary for the phenomenon to occur.
3. Spalding (51) has noticed " a shrinkage and flattening of the lens."
4. The occurrence of astigmatic changes (in 36 per cent. of cases) suggests deformation of the lens as the origin.
5. It is conceivable to suppose that the character of this tissue and its mode of nourishment make it resistant to change; it is sluggish physiologically and pathologically. In the majority of diabetics changes do not occur. In some cases, after resisting osmotic forces for some time, it suddenly yields: this would account for what appears to be a very constant phenomenon and one somewhat difficult to explain. The sudden refractive change occurring some time after the sugar-value has fallen, while it also accounts for the rarity of the condition. 6 . The lens in diabetes is unstable. The occurrence of cataract is common, and an opacity can readily be produced experimentally by sugar infusion in the frog(16). Too close a parallelism should not, however, be drawn. It has been suggested that the myopia is comparable to that occurring prior to the sclerosing process of senile cataract, but this seems unlikely, in that the change is frequently sudden, there is a rapid improvement on treatment, lenticular opacities were detected in only 8.8 per cent. of the series, and such an analogy leaves no place for the incidence of an initial hypermetropia.
It seems most reasonable to explain these changes on the hypothesis that they are due to osmotic influences consequent on the disturbance of the water-balance of the body that forms so large a part in the general metabolic upset known clinically as diabetes. The conservation of normality in the constitution of the blood would appear to be one of the first and most urgent aims of the body-mechanism. A very small deviation from normal suffice's to derange the nice equilibrium on which the processes of life depend: if there is any variation, the tendency is, at whatever cost, to keep it normal. As the blood-sugar increases the attempt is made, first, by the withdrawal, by osmosis, of fluid from the tissues, to dilute the sugar-laden blood, and secondly, to increase sugar excretion via the kidneys---(hence polyuria as a symptom). The net result of these two processes is to dehydrate the body, a '182 group.bmj.com catastrophe which is usually averted by a largely increased fluid intake-(hence polydipsia as a symptom). Pushed to extremes, however, the body is drained of its fluids, the eye shares in the general dehydration, by extraction of fluid its tension falls, the soft eye of diabetic coma results, and death usually supervenes. This has been demonstrated experimentally by Hertel(47) by sugar infusion in animals, and more recently corroborated in America 52). Hertel found that such an eye contained on evaporation less fluid than normal; that the process was a purely physical one was shown in that the same phenomenon occurred on the infusion of neutral salts as chlorides, sulphates, phosphates, and carbonates; and that it was osmotical, in that the electrical conductivity of the eye was increased, demonstrating an increase in molecular concentration.
With a raised sugar we bave thus a dilution of the blood by tissue fluids, and an increased excretion 'from the blood of a concentrated fluid with a high salt cor4ent, and a high osmotic pressure (urine), which is replaced volumetrically by drinking (practically) water. These together produce:
1. An increase in blood-volume, 2. A decrease in blood-salt content, both of which contribute to a lowering of osmotic pressure.
The change of volume may be explained thus: In health, the' fluid traffic is regulated by the effective osmotic pressure of the blood over the lymph, due to the colloids of the former (20 to 30 mm. Hg.), inducing a flow from the tissues to the blood stream, compensating for the amount lost by the filtration effected mechanically by the blood-pressure. In diabetes, the osmotic pressure is further raised by the presence of increased crystalloid (glucose); an effective increase over filtration pressure is thus established, and fluid in excess flows from the tissues to the blood, to be replaced, of course, by increased intake. The change in volume was compared in both cases (1) and (2) (Fig. 4) and rose again as seen in the chart, and the haemoglobin fell from 90 per cent. to 70 per cent. As tlhe blood-volume (other things being equal) varies inversely as the red cell count and the haemoglobin, it is seen that it varies directly with its sugar content.
To determine the effect of sugar variation on salt content, the total chlorides in the blood were estimated by Volhard's method 1rHE BRITISH JOURNAL OF OPHTHALMOLOGY before and after the occurrence of changes in cases 1 and 2. Thus in case 1, when the blood sugar was high on 25/3/24, the salt content was 0.49 per cent.; after the sudden fall it was 0.59 per cent. This lowering of the salt content in diabetes has been observed by others: Schmidt(53) , Meyers(54) , etc.; and MacLean(55), estimating the chlorides in pathological conditions, found them lowest in diabetes, the decrease being due to a lowering of the normal chloride threshold. This is explained by the tendency for an excess in one crystalloid (glucose) to be compensated for by a depreciation in another (salt). That the salt-change will exert more osmotic disturbance, is evident from its smaller molecule and its ionization, since osmotic pressure varies as the number of molecules, and if these molecules are dissociated electrically, each fraction acts as an element equivalent osmotically to a molecule. It might be thought that the higher osmotic pressure established by glucose which causes the increase in volume, and the lower pressure entailed by decreased salt, were mutually antagonistic: 'whereas they are complementary. Owing to its great diffusibility, salt equilibrium will be quickly established between the blood and tissue fluids. A fall in blood-salt thus demands a coincident fall in general fluidsalt. The larger sugar molecule diffuses more slowly, and therefore, while the salt equilibrium throughout is " set " at a lower level, the higher effective osmotic pressure in the blood due to excess crystalloid still is able relatively to effect changes in volume; thus on both counts, the osmotic pressure of the fluids bathing the lens is lowered.
Again another factor may enter into play. Applying the colloid chemical theory of absorption by protoplasm (56) , it is probable that, in the increased PH of diabetic acidosis, with the subsequent buffering of the blood, some salt is transferred from an osmotically active state in the plasma to inactivity in the corpuscles, rendering the plasma still more dilute, and its osmotic pressure still less.
As the sugar content rises, therefore, the molecular concentration of the blood and tissue fluids falls. The lens, which we have already assumed to be peculiarly resistant to change, remains in statu quo, and is thus bathed by a fluid at a tension lower than its own molecular state; osmotic forces are set up, and to obtain equilibrium, fluid flows from the lower level to the higher, that is, into the lens, deforming it, and making the eye myopic. The increase of refractive power may be accentuated by a decrease in the index of refraction of -the cortical layers, as opposed to the harder and more resistafnt nucleus, by dilution, thereby making the index of the whole lens less uniform, and therefore of a higher refractive power. Conversely, on a fall of blood-sugar, a reverse osmotic change occurs, and some degree of hypermetropia is produced by the transference of fluid *from the lens to the surrounding tissues and blood, whose osmotic pressure is now raised.
Cataract is common in diabetes. It would seem probable that its incidence may be partly accounted for by the ready degeneration of a lens previously weakened by the long continued strain of a deforming force, with the additional element of increased fluid traffic. Diabetes is a metabolic dyscrasia, notorious for the many complications it brings in its train -complications ranging in diversity and in severity from crops of boils to mass gangrene, from a peripheral neuritis, whose only clinical manifestation is a lost knee-jerk, to a widespread and profound paralysis. In the eye, the element of infection is seen in diabetic iritis: nerve involvement is exemplified in paralysis of accommodation, in retrobulbar neuritis, and in retinitis. The retina, like the lens, is nourished indirectly, and is, therefore, peculiarly susceptible to osmotic influence; and in nephritis, where again the water-and-salt balance is out of joint, the retina is affected.
Can it not be that these are all due to the same fundamental cause ? The reaction between host-organism and invading microorganism is probably a question of the physico -chemistry of adsorption compounds, the excitation process of nerve, a matter of the diffusion of ions through semi-permeable membranes. It requires but a slight disturbance of osmotic forces to upset the nicely balanced equilibrium of the ionic and colloid systems on which the mechanism of life depends. At the least, reasoning thus, we approach more nearly the ideal concept, whereby the body, both in health and in disease, is an electro-chemical mechanism governed by purely physical laws, and get further removed from vitalistic views of normal and morbid processes, which are merely a dishonest confession of ignorance, are never the simplest, and are always sterile.
Conclusions. I suggest that: 1. In diabetes sudden changes of refraction occur. In the course of the disease with high or increasing sugar, myopia tends to occur: with decreasing sugar, and, therefore, usually just after the onset of energetic treatment, hypermetropia tends to occur.
2. The phenomenon is due to osmotic processes involving the lens, caused by a variation of the molecular concentration of the blood and tissue-fluids with the sugar content. 3 . In both cases the tendency is to return to normal: in the first, under general diabetic treatment; in the second, on the establishment of metabolic stability. Provided the diabetic element can be successfully dealt with, invariably a good prognosis can be give n The patient can be assured that his eyes will return to norm a within a few weeks and that his vision will be unimpaired. 4 . In consequence of the general use of insulin, it is anticipated that the rarer condition of hypermetropia will become more common.
I am indebted to Dr. James Torrens for permission to publish the first case; to Dr. James Collier for the latter two; to Mr. R. R. James for his helpful and encouraging interest in the investigation; and to Mr. W. G. Laws for his kindness in supplying me with the notes of his two cases, and for his permission to add a note on them to this paper.
Since writing this paper, Mr. W. G. Laws has very kindly given me notes of two unpublished cases which have come under his observation where hypermetropia developed after the appearance of diabetes. Both patients were middle-aged women; the onset of hypermetropia was sudden, and occurred soon after the institution of treatment. In one the hypermetropia amounted to 4D, and in the other to 2D. In both the refraction returned to emmetropia when the diabetes was kept in check by treatment. In the first case a strict diet was instituted; the second case was given insulin, but not apparently in 1922 when the diabetes was first diagnosed and when the development of hypermetropia took place.
